The diagnosis of benign positional vertigo (BPV) relies on a history of episodic positional vertigo and a distinctive pattern of nystagmus during provocative positional testing. The direction of the induced nystagmus is specific to the affected canal and the velocity profile reflects the underlying mechanism of canalithiasis (free-floating otoconia within the canal duct) or cupulolithiasis (otoconia adherent to the cupula). We review current theories on the pathophysiology of BPV, the clinical history and examination underlying its diagnosis, and recommended repositioning manoeuvres for each of the BPV subtypes. Disorders other than BPV which may present with a similar history and/or positional nystagmus are discussed.
Introduction
Benign positional vertigo (BPV) is a common and treatable peripheral vestibular disorder in which one or more of the semicircular canals are abnormally stimulated by otoconia displaced from the otolith organs. As the head moves with respect to gravity, the otoconia also move, activating semicircular canal afferents and producing a false sense of head rotation and nystagmus. Patients will present with episodic positional vertigo, which is idiopathic in the majority of cases but may be preceded by head trauma or other insult to the inner ear (Karlberg et al., 2000) . The diagnosis relies upon the distinctive pattern of nystagmus observed during provocative manoeuvres in the plane of the affected canal. While BPV is self-limiting in many cases, unresolved BPV can limit daily activities and contribute to the risk of falls in elderly patients (von Brevern et al., 2007) . Treatment by repositioning manoeuvres specific to the affected canal can offer patients relief from symptoms and allow them to return to normal activities. Although less common, central and peripheral disorders can mimic the presentation of BPV and are an important differential diagnosis for episodic positional vertigo.
Pathophysiology
The semicircular canals are the sensors of angular head acceleration. Each canal is filled with endolymphatic fluid, which passes in a loop through the utricle and is sealed by the cupula, a flexible gelatinous mass which is attached to the ampulla. The sensory hair cells are embedded within the cupula. As the head moves in the plane of a semicircular canal, the flow of endolymph within the canal deflects the cupula and bends the stereocilia of the hair cells. Hair cells are directionally polarised therefore the direction of endolymph flow and subsequent deflection of the stereocilia, determines whether there is an excitatory or inhibitory response from the canal afferents. In the vertical canals, endolymph flow away from the ampulla is excitatory and endolymph flow towards the ampulla is inhibitory. The reverse is true for the lateral canals. Each semicircular canal has a contralateral partner, which responds reciprocally to the same plane of stimulation. Movements in a given plane will excite one canal while simultaneously inhibiting its partner. Canal stimulation during natural head movements drives the extraocular muscles to produce an equal and opposite eye movement, thus maintaining gaze stability as we move (Epley, 2001) . Canal stimulation by otoconia produces an illusion of head movement, a compensatory (slow phase) eye movement and oppositely directed excitatory nystagmus (fast phase) in the plane of that canal. Search coil studies of benign positional nystagmus confirm that positional vertigo arising from each canal is accompanied by nystagmus with an axis orthogonal to the canal plane (Aw et al., 2005) .
The canalithiasis theory of BPV describes calcium carbonate crystals (otoconia) from the otolithic membrane of the utricle, becoming detached and entering the endolymph of one or more of the semicircular canals (Hall et al., 1979) . If a critical mass of otoconia is reached within a given canal, when the head changes position, the gravitational movement of the otoconia will cause abnormal endolymph flow, giving a false sensation of head movement and producing nystagmus in the plane of the affected canal (House and Honrubia, 2003) . The cupulolithiasis theory describes displaced otoconia attaching to the cupula of the semicircular canals (Schuknecht, 1969) . Ordinarily, the cupula is equal in density to the surrounding endolymph and does not exert a force on the hair cells when the head is stationary. The attached otoconia produce a density difference which causes gravity-dependent movement of the cupula. In both canalithiasis and cupulolithiasis, Table 1 Nystagmus patterns of BPV variants (Baloh et al., 1987; Lopez-Escamez et al., 2006; Vannucchi et al., 2015; von Brevern et al., 2015) . the abnormal stimulation of the canals brought on by changes in head position results in vertigo and nystagmus. In canalithiasis, the response is brief with a delayed onset as the otoconia fall to the new lowest gravitational point. In cupulolithiasis, the response is persistent as the heavy cupula continues to deflect while the head remains in the provoking position but may gradually decay due to central vestibular adaptation (Nuti et al., 2016) .
BPV variant
The cause of dislodged otoconia is usually unknown but in some cases may be attributed to head trauma or inner ear diseases such as Meniere's disease and vestibular neuritis (Karlberg et al., 2000; von Brevern et al., 2007) . There is a similar association between BPV and migraine and it has been postulated that the vasospasms known to occur in migraine could cause ischaemic damage to the inner ear and thereby promote detachment of otoconia (Ishiyama et al., 2000) . More women are affected by BPV than men, and this may in part or whole reflect the association between BPV and migraine (von Brevern et al., 2007) . The incidence of BPV increases amongst adults over 35 years old with a mean onset age of 49 years (von Brevern et al., 2007) . This suggests that a degenerative process may play a role. BPV has also been reported after periods of bed rest, which may facilitate the otoconia forming an adequate agglomeration (Gyo, 1988) .
Due to the anatomical orientation of the canals and the otoliths, the lowermost posterior canal is most commonly affected by BPV (90% of cases), while displaced otoconia in the lateral and anterior canals are more likely to fall back into the utricle spontaneously through natural head movements (Korres et al., 2002) . In a hospital study of 108 patients with untreated BPV, the average time taken for BPV to spontaneously remit was just over two weeks for the lateral canal and just over a month for the posterior canal (Imai et al., 2005) .
Clinical history
Rotational vertigo is the most common complaint of patients with BPV, which is expected given the involvement of the semicircular canals. Most patients will report brief, discrete episodes of vertigo lasting seconds to minutes upon lying down, turning over or getting out of bed (von Brevern et al., 2007) . In some cases, the vertigo is associated with nausea and vomiting. Patients with lateral canal BPV typically experience more severe symptoms. Many patients will report restricting head movements to prevent attacks and may develop secondary neck pain (von Brevern et al., 2007) .
Often patients will describe imbalance in between episodes of vertigo, and this may persist even after the BPV has resolved (von Brevern et al., 2007) . Residual imbalance after vertigo episodes may lead some patients to overestimate the duration of episodes (von Brevern et al., 2015) . Not all patients with BPV will report rotatory vertigo and may instead report dizziness, lightheadedness or falls (Oghalai et al., 2000; von Brevern et al., 2007) . There should be no associated hearing changes or neurological symptoms unless a comorbid condition is present. Fig. 1 . Right posterior canalithiasis. In the upright position, the otoconia are positioned close to the ampulla of the right posterior canal. Only subtle spontaneous upbeat nystagmus was seen in this subject. During the right Dix-Hallpike test, the ampulla is brought to a higher gravitational point causing otoconia to gravitate away from the ampulla and generate a brief excitatory nystagmus which is upbeating with a rightward torsion. The nystagmus slow phase velocity (SPV) profile shows a brief onset latency, crescendo-decrescendo intensity pattern and short duration.
Clinical examination
The diagnosis of BPV relies on a typical history and provocative positional testing to elicit nystagmus in the plane of the affected canal. Further audio-vestibular testing or imaging is only necessary when the patient shows additional signs or symptoms which may indicate a comorbid condition (Bhattacharyya et al., 2017) .
Benign positional nystagmus can often be observed with the naked eye however it is most reliably assessed using video Frenzel goggles with vision-denied. The nystagmus direction, onset, intensity pattern and duration should be consistent with that expected of BPV (Table 1) . Throughout this review, the direction of nystagmus is described by the fast phase from the patient's perspective. Torsion is described according to the movement of the upper pole of the eye. The terms 'geotropic' and 'apogeotropic' refer to whether the nystagmus beats towards the ground or away from the ground, respectively.
A typical history of BPV and vertigo on positional testing may sometimes be encountered without nystagmus. This entity has been termed 'subjective BPV' and has been shown to be responsive to positional manoeuvres similar to classic BPV (Balatsouras and Korres, 2012; Haynes et al., 2002; Tirelli et al., 2001) . It has been explained by a smaller quantity of otoconia, insufficient to produce the characteristic nystagmus (Tirelli et al., 2001) . In this case, the intensity of symptoms during positional testing must be used to lateralise the involved canal. The resolution of symptoms following repositioning confirms the diagnosis.
Posterior canal BPV
The underlying mechanism of posterior canal BPV (PC-BPV) is usually canalithiasis, with the otoconia being trapped near the ampulla, as this is the lowest gravitational point in the upright position. The hallmark nystagmus of PC-BPV is induced by the Dix-Hallpike test in which the patient's head is turned towards the affected ear and lowered into a head-hanging position so that the posterior canal is in the sagittal plane with the ampulla at the highest gravitational point. The head-hanging position can be more easily achieved if the bed has an adjustable head, or alternatively by placing a pillow behind the patient's back. In this head position, otoconia will gravitate away from the ampulla towards the common crus, causing excitation of the posterior canal afferents. With the affected ear down, upbeating torsional geotropic nystagmus is observed. Consistent with the canalithiasis theory, the nystagmus should have a brief onset latency of one or a few seconds after reaching the provocative position due to the inertia During the left Dix-Hallpike test, the cupula is deflected away from the ampulla due to its increased mass, causing excitation of the left posterior canal and generating an upbeating leftward torsional nystagmus. The nystagmus slow phase velocity (SPV) profile shows an immediate onset of nystagmus that rises to a peak, gradually decays but persists for more than one minute.
of the otoconia and resistance of the endolymph. A crescendodecrescendo pattern of intensity and a short duration of less than one minute should be observed ( Fig. 1) as the otoconia settle to the new lowest point in the canal (Parnes et al., 2003) . The nystagmus reverses direction when the patient is returned to the upright position and the otoconia fall back towards the ampulla. It is fatigable as otoconia disperse within the canal. In unilateral PC-BPV, the Dix-Hallpike test is negative on the contralateral side. A positive Dix-Hallpike on both sides is consistent with bilateral PC-BPV and is more common in cases of trauma (Katsarkas, 1999) . Clinicians should take care to ensure appropriate head alignment during the Dix-Hallpike test as inappropriate positioning may lead to unilateral PC-BPV being mistaken for bilateral PC-BPV (Steddin and Brandt, 1994) . A rare apogeotropic variant of PC-BPV has been described in which the otoconia are near the common crus of the canal, thus the Dix-Hallpike test results in the movement of the otoconia towards the ampulla and an inhibitory response (Vannucchi et al., 2012) . On Dix-Hallpike testing, the nystagmus is downbeating torsional apogeotropic nystagmus, similarly seen in BPV of the contralateral anterior canal. Unlike typical PC-BPV, the nystagmus may be provoked with either ear down, it has no latency, a longer duration (typically >2 min), a less intense paroxysm, returning to upright position rarely causes the nystagmus to reverse direction, and it is non-fatiguing (Vannucchi et al., 2015) .
Another rare variant is cupulolithiasis of the posterior canal, which is distinguished from canalithiasis of the posterior canal by a longer duration nystagmus, exceeding one minute ( Fig. 2 ) (Imai et al., 2009 ). The nystagmus is maximal in a half DixHallpike position which orientates the cupula horizontally such that the force of gravity is greatest (Nuti et al., 2016) .
While the Dix-Hallpike is the most widely used test for PC-BPV, a side-lying test in which the patient's head is turned 45 degrees away from the symptomatic ear and lies down on their symptomatic side should evoke the same pattern of nystagmus if PC-BPV is present. It offers a useful alternative for patients who cannot hyperextend the neck (Cohen, 2004) .
Anterior canal BPV
Anterior canal BPV (AC-BPV) is rare, accounting for 1-2 percent of cases (Korres et al., 2002) . It can be elicited by a Dix-Hallpike test to either side or alternatively by the straight head-hanging position where the head is lowered at least 30 degrees below horizontal. In these positions, otoconia in the anterior canal should gravitate away from the ampulla producing an excitatory response Fig. 3 . Right anterior canalithiasis. In the upright position, the otoconia are positioned near the cupula of the right anterior canal. There is no spontaneous nystagmus. The Dix-Hallpike position brings the ampullary end of the anterior canal to a higher gravitational point. There is an excitatory downbeat rightward torsional nystagmus as the otoconia fall away from the ampulla. The slow phase velocity (SPV) profile illustrates the paroxysmal nature of the nystagmus, the quick rise to a peak velocity, and brief duration of less than 30 s. (Bertholon et al., 2002) . The nystagmus is downbeat torsional nystagmus towards the affected ear (Fig. 3) . The torsional component enables lateralisation of AC-BPV however it is often small and can be absent due to the proximity of the anterior canals to the sagittal plane (Balatsouras et al., 2011) . This can make lateralisation impossible. Similar to typical PC-BPV, canalithiasis is the underlying mechanism thus a brief latency, short duration (<1 min) nystagmus is expected (von Brevern et al., 2015) . As paroxysmal downbeat nystagmus is also seen in central pathologies, the clinician should look for other signs to support the diagnosis of AC-BPV, including resolution or reduction of the nystagmus with the appropriate repositioning manoeuvre or conversion to another common BPV variant (von Brevern et al., 2015) .
Lateral canal BPV
The characteristic nystagmus of lateral canal BPV (LC-BPV) is brought on by the supine roll test. LC-BPV is characterised by In the upright position, the otoconia are located in the long arm of the right lateral canal at a distance from the ampulla. There was no spontaneous nystagmus in this subject. During the right roll test, otoconia descend towards the ampulla creating an intense excitatory right-beating nystagmus. During the left roll test, otoconia gravitate away from the ampulla producing a less intense inhibitory left-beating nystagmus. The slow phase velocity (SPV) profiles for both roll tests show a brief duration nystagmus with a higher peak velocity reached during the right roll test. direction-changing horizontal nystagmus which can be geotropic or apogeotropic. Geotropic nystagmus due to canalithiasis is the most common form. Upon lying down and rolling to the affected side, otoconia in the posterior portion of the lateral canal will move towards the ampulla creating an intense excitatory response, while rolling to the unaffected side will produce a less intense inhibitory Table 2 Localising the affected ear in lateral canal BPV.
Geotropic variant Apogeotropic variant
Supine roll test (Nuti et al., 1996) Excitatory nystagmus when affected ear is undermost -Affected ear down shows the strongest nystagmus Sitting to supine (Nuti et al., 1996) Inhibitory nystagmus -beats towards unaffected ear Excitatory nystagmus -beats towards affected ear Pseudospontaneous nystagmus (Asprella-Libonati, 2005) Inhibitory nystagmus -beats towards unaffected ear Excitatory nystagmus -beats towards affected ear Fig. 5 . Right lateral cupulolithiasis. The otoconia adhere to the cupula of the right lateral canal. There was no spontaneous nystagmus in this subject. During the right roll test, the cupula is deflected away from the ampulla creating an inhibitory left-beating nystagmus. During the left roll test, the cupula is deflected towards the ampulla generating an excitatory right-beating nystagmus. The slow phase velocity (SPV) profiles during both roll tests reveal persistent nystagmus, with a higher peak velocity reached during the left roll test.
response (Fig. 4) . The nystagmus onset will be immediate or brief, show a rapid increase and then a slower decline in intensity with a short overall duration (<1 min) (von Brevern et al., 2015) . The affected ear is usually identified as the side with the more intense nystagmus and subjective symptoms. As the lateral canals are orientated with the ampullary end elevated at 30 degrees above horizontal, when the head is in the upright position there can be a slow movement of otoconia away from the cupula (Asprella-Libonati, 2005) . The resulting ''pseudospontaneous nystagmus" beats towards the healthy ear. It can be distinguished from true spontaneous nystagmus by pitching the head forward 30 degrees at which point the canal is horizontal with no incline and the nystagmus disappears (Asprella-Libonati, 2008) . Bowing the head forward 90 degrees should produce a nystagmus towards the affected ear while leaning the head back 45 degrees should produce a nystagmus towards the healthy ear (Choung et al., 2006) . By the same principle, moving the patient from a seated position to supine will cause an inhibitory nystagmus beating away from the affected ear (Table 2) (Nuti et al., 1996) .
Apogeotropic nystagmus is the hallmark of lateral cupulolithiasis. In rare cases it may be attributed to canalithiasis in which the otoconia are located in the anterior portion of the lateral canal, close to the ampulla (Balatsouras et al., 2011) . In the apogeotropic form, rolling onto the affected side causes the cupula to deflect away from the ampulla resulting in an inhibitory response while rolling onto the unaffected side will produce a more intense excitatory response. For cupulolithiasis, the nystagmus onset will still be immediate or brief, however the duration will be longer with a gradual decline due to adaptation (Fig. 5) .
The principles of pseudospontaneous nystagmus and the bow and lean test can, in theory, be applied to lateral cupulolithiasis however the nystagmus is said to be in the opposite direction to the geotropic variant (Asprella-Libonati, 2005; Choung et al., 2006) . Pseudospontaneous nystagmus will be excitatory and should beat towards the affected ear. Bowing should elicit nystagmus towards the unaffected ear while leaning backwards or lying down should elicit nystagmus towards the pathological ear. Additionally, a null point for nystagmus may be identified when lying supine with the head turned 10-20 degrees towards the affected side -in this position the cupula is thought to be aligned with the force of gravity and does not deflect despite the abnormal density (Bisdorff and Debatisse, 2001 ). These theories of lateralisation are based on the expectation that the human lateral canal cupula has its apex oriented posterolaterally, a condition which may not always be fulfilled.
Treatment
The treatment of BPV involves positional manoeuvres to direct the displaced otoconia back into the utricle. For patients with the cupulolithiasis variant this will involve first converting to canalithiasis. The nystagmus observed during the manoeuvre can be a useful indicator of the ampullofugal flow of otoconia towards the utricle.
Patients should be warned that experiencing vertigo and nausea during treatment is to be expected. For patients who are likely to be excessively symptomatic (migraine sufferers with motion sensitivity), it may be wise to advise the patient to fast 2-4 h prior to treatment and pre-medicate them with an antiemetic and vestibular suppressant to minimise distress. If the patient has limited mobility or is obese, it is wise to obtain the assistance of a second clinician and to use an adjustable bed that can be tilted into the Trendelenburg position. Some clinicians use a mechanical vibrator on the mastoid as originally proposed by Epley (1992) to help free otoconia, however randomised controlled trials suggest no significant additive effect of mastoid vibration during the Epley manoeuvre (Macias et al., 2004; Motamed et al., 2004) .
Posterior canal BPV
The two validated treatment manoeuvres for PC-BPV are the Epley manoeuvre and Semont manoeuvre (Epley, 1992; Semont et al., 1988) . Both can be performed at the bedside with comparable outcomes seen in randomised controlled trials (Hilton and Pinder, 2014 During the Epley manoeuvre, it is reassuring to see nystagmus continue to beat upwards with a torsional component towards the affected ear, indicating that the otoconia are migrating in the desired direction towards the utricle (Parnes and Price-Jones, 1993) . If during step 3 of the manoeuvre, downbeat nystagmus with torsion towards the contralateral ear is seen, it is likely the manoeuvre was unsuccessful and the treatment should be repeated (Oh et al., 2007) . After successful completion of the Epley manoeuvre (step 4), a brief downbeat torsional nystagmus towards the treated side may be seen when the patient is returned to the upright position.
Semont manoeuvre (Liberatory manoeuvre) (Mandalà et al., 2012; Nuti et al., 2000; Semont et al., 1988): 1. The patient is seated on the edge of the bed with the head rotated 45 degrees towards the healthy side (aligning the affected posterior canal with the coronal plane). 2. The patient is briskly lowered onto their affected side (in the coronal plane) with the head facing upwards and remains there for 2 min. 3. Without turning the head, the patient is briskly moved to lie on the opposite side in a nose-down position and remains there for 2 min. 4. The patient returns to the upright position.
The Semont manoeuvre requires rapid acceleration of the head in a 180 degrees swing in the plane of the posterior canal to enable otoconia to fall back into the utricle (Faldon and Bronstein, 2008) . The same nystagmus as seen in a positive Dix-Hallpike test should be seen at step 3 of the Semont manoeuvre to confirm the desired flow of otoconia away from the cupula (Nuti et al., 2000) .
There are differing opinions regarding the number of manoeuvres performed in a single treatment session. Epley (2001) recommended the manoeuvre be repeated until the nystagmus has ceased and that the patient returns for follow up sessions on different days until they are symptom free. Parnes et al. (2003) point out that abolition of the nystagmus with repeat manoeuvres could be due to the fatigability of the response. Immediately repeating the Dix-Hallpike after treatment has been found to increase the risk (16%) of otoconia falling back into the posterior canal or entering the horizontal canal and requiring further manoeuvres (Foster et al., 2012) . For these reasons, it may be wise to avoid repeat manoeuvres in quick succession unless the nystagmus pattern is indicative of failed repositioning.
Anterior canal BPV
Both lateralising and non-lateralising manoeuvres have been proposed for the treatment of AC-BPV. If the affected ear can be identified, a reverse Epley manoeuvre may be performed, which simply involves starting the Epley manoeuvre from the side of the healthy ear (Honrubia et al., 1999) . Kim et al. (2005) described a similar technique in which the patient's head is turned 45 degrees towards the healthy side and lowered into a headhanging position to enable ampullofugal flow of otoconia into the superior portion of the anterior canal. After two minutes, the patient's head is lifted to the supine position but remains turned towards the healthy side. After one minute in the supine position, the patient sits up and tucks the chin in to facilitate the movement of otoconia through the common crus into the utricle. Yacovino et al. (2009) described a side-independent treatment for AC-BPV, in which the patient remains in the supine head-hanging position followed by the ''chin to chest" position for 30 s each before being brought back to the seated position (Yacovino et al., 2009 ). Due to the small incidence of AC-BPV, the evidence for treatment efficacy is limited. Uncontrolled case series demonstrate success rates of over 75 percent for the aforementioned manoeuvres (Anagnostou et al., 2015) .
Lateral canal BPV
The Lempert manoeuvre or barbecue rotation may be used to treat both geotropic and apogeotropic variants of LC-BPV. In this manoeuvre, the patient's head is rotated in 90-degree steps towards the healthy side in intervals of 30-60 s, beginning in the supine position and completing a total head rotation of 270 degrees (Lempert and Tiel-Wilck, 1996) . Baloh (1994) proposed a similar manoeuvre with a 360-degree angle of rotation. During the rotation, nystagmus beating towards the healthy ear confirms the flow of otoconia away from the ampulla, towards the utricle.
The Vannucchi-Asprella manoeuvre also uses angular acceleration to shift otoconia ampullofugally and may be used to treat both geotropic and apogeotropic variants. In this manoeuvre the patient lies supine, the head is quickly turned towards the healthy side and the patient returns to an upright position with the head still turned (Asprella-Libonati, 2005) . Once upright, the patient slowly turns the head to face forward again. The manoeuvre is repeated several times until the nystagmus beating towards the unaffected ear is no longer elicited.
Alternatively, the Gufoni manoeuvre is a widely-used technique which utilises inertia and linear acceleration. In the Gufoni manoeuvre for geotropic LC-BPV, the patient is quickly moved from a seated position onto their healthy side for two minutes and then turns their face down for two minutes before returning to the upright position (Gufoni et al., 1998) . Both the barbecue rotation and Gufoni manoeuvre have been shown to be equally effective treatments for geotropic LC-BPV in a randomised controlled trial (Kim et al., 2012b) .
The Gufoni manoeuvre performed on the affected side rather than the healthy side, may be used for lateral cupulolithiasis. Once lying on the affected side, the patient's head is turned either up or down 45 degrees depending on the position of the otoconia on the cupula (Bhattacharyya et al., 2017) . If the otoconia are attached on the canal side of the cupula, quickly turning the nose up 45 degrees should shift the otoconia posteriorly towards the utricle (Appiani et al., 2005) . If on the other hand, the otoconia are attached to the utricular side of the cupula, turning the nose down will allow otoconia to return to the utricle. Horizontal head-shaking may help detach otoconia from the cupula, regardless of which side they are adhering to (Kim et al., 2012a) . The effectiveness of head-shaking and the Gufoni manoeuvre for apogeotropic LC-BPV have been confirmed in a randomised controlled trial (Kim et al., 2012a) .
For less mobile patients with lateral canalithiasis, a simple treatment option is Forced Prolonged Positioning (Vannucchi et al., 1997) . This involves the patient lying on their healthy side for approximately 12 h to enable otoconia to gravitate back to the vestibule (Vannucchi et al., 1997) .
Mechanical rotators
The Dix-Hallpike test requires hyperextension of the neck, which may be contraindicated in cases of recent neck trauma, cervical instability, severe rheumatoid arthritis, carotid sinus syncope, Chiari malformation and/or vascular dissection (Humphriss et al., 2003) . Cardiac and respiratory problems could also make conventional repositioning movements challenging (Humphriss et al., 2003) . Mechanical repositioning chairs such as the Epley Omniax rotator (Vesticon, Portland, USA) and the TRV chair (Interacoustics, France) can rotate the patient's body to align with the plane of any of the semicircular canals while simultaneously enabling the clinician to observe nystagmus through infra-red video goggles. They provide an alternative for testing and treating patients with mobility limitations and for more challenging BPV variants including cupulolithiasis, bilateral and multicanal BPV. Treatment on mechanical repositioning chairs may be contraindicated in patients with retinal detachment, pseudoexfoliation syndrome with intraocular lenses, severe claustrophobia and patients whose weight exceeds the tested safety limits of the chair. Some patients with a history of severe motion sensitivity and migraine may report an increase in headache frequency after treatment of BPV on a mechanical repositioning chair.
Post-treatment management
After treatment it is recommended that patients return to their normal lifestyle, although they may experience prolonged residual imbalance (Pérez et al., 2012) . In particular, free movement of the head should be advocated despite head motion intolerance. There is mixed evidence regarding the benefit of post-treatment postural instructions including lying on the unaffected side or sleeping upright. While some authors have concluded that there is a lack of evidence to support any benefits and advise against their use (Bhattacharyya et al., 2017; Mostafa et al., 2013) , a Cochrane review based on nine randomised controlled studies concluded that there is a small additional benefit from postural restrictions in PC-BPV (Hunt et al., 2012) .
Typically, BPV will resolve within one to three treatments (Prokopakis et al., 2013; Song et al., 2015) . The American Academy of Otolaryngology recommends reassessment within one month to ensure symptoms have resolved (Bhattacharyya et al., 2017) . In patients with ongoing symptoms after repositioning manoeuvres, it is important to consider the possibility of a coexisting inner ear disorder or a central disorder mimicking BPV (Bhattacharyya et al., 2017) . In rare cases of intractable BPV, more extreme treatments such as surgical occlusion of the canal may be warranted, although this carries a risk of permanent hearing loss and imbalance (Ahmed et al., 2012) . A retrospective review of 53 patients who underwent occlusion of the posterior canal reported hearing loss in 17% and vestibular loss in 10% of patients, postoperatively (Ahmed et al., 2012) . Patients should be made aware that BPV can recur, but they should not restrict their daily activities. One study reported a recurrence rate of 16% at 6 months (Steenerson et al., 2005) and another reported 37% at 5 years (Sakaida et al., 2003) .
BPV mimics
Positional vertigo and nystagmus are not always attributable to BPV. Here we discuss disorders that present with either a similar history to BPV or positional nystagmus that could be mistakenly attributed to BPV.
Orthostatic dizziness
Orthostatic hypotension can present as episodic vertigo or dizziness in some patients however symptoms only occur upon arising from a lying or sitting position and are not due to changes in head position relative to gravity (Bisdorff et al., 2009 ). Short duration nystagmus (<1 min), most often downbeating with a latency of several seconds, may occur during orthostatic challenging tests such as supine-standing and squatting-standing, but is not expected during typical provocative tests for BPV . Unlike BPV, patients with orthostatic hypotension are often asymptomatic and may report feeling better in bed. Diagnosis can be made based on blood pressure measurements while the patient is supine and standing.
Acute vestibular loss with enhanced spontaneous nystagmus in the supine position
Spontaneous vertigo can be aggravated by head movements however this is distinct from positional vertigo which is triggered by changes in head position. Spontaneous nystagmus due to other inner ear disorders, including vestibular neuritis, can enhance during positional testing and may be mistaken for positional nystagmus. For patients with spontaneous vertigo presenting to the emergency department, the brightly lit environment can suppress nystagmus usually observed in the upright position. Nystagmus observed on positional testing may prompt the examiner to misdiagnose BPV and offer fruitless repositioning manoeuvres, which will lead to unnecessary nausea and distress.
Both unilateral vestibular loss (UVL) and LC-BPV can present with horizontal spontaneous (or ''pseudospontaneous") nystagmus however the characteristics observed during positional testing are dissimilar. Firstly, nystagmus observed in UVL is unidirectional; moving the head to the left or right lateral positions does not change nystagmus direction. In contrast, LC-BPV yields directionchanging nystagmus. Secondly, nystagmus observed in UVL is persistent whereas the nystagmus observed in canalithiasis is paroxysmal.
Meniere's disease
Meniere's disease is characterised by spontaneous vertigo lasting minutes to hours. The accompanying horizontal nystagmus may spontaneously reverse direction during the course of an acute attack but is typically independent of the patient's position (Fig. 6 ) (Bance et al., 1991) . Positional nystagmus is less common in Meniere's disease however both geotropic and apogeotropic horizontal positional nystagmus have been reported (Dobie et al., 1982; Lechner et al., 2014) . Unlike BPV, fluctuating aural symptoms including tinnitus, low-frequency hearing loss and fullness are present in Meniere's disease (Lopez-Escamez et al., 2015) . BPV is a common co-morbidity (Karlberg et al., 2000) .
Vestibular migraine
Although vertigo in vestibular migraine (VM) is typically spontaneous, positional vertigo can be a presenting symptom. The accompanying nystagmus can be vertical, horizontal or torsional in direction. It tends to be without latency, low velocity (2-7°/s) and persistent (Polensek and Tusa, 2010) . The direction is not always specific to a single canal. Positional symptoms may be poorly lateralised. Polensek and Tusa (2010) found positional nystagmus in all patients with VM examined ictally. Horizontal positional nystagmus was the most common. Horizontal geotropic nystagmus of VM can be separated from lateral canalithiasis by its low velocity, persistent and symmetrical nature (Fig. 7 ) (Lechner et al., 2014) . Horizontal apogeotropic nystagmus can closely resemble that of lateral cupulolithiasis (Lechner et al., 2014) . Patients with VM may experience migraine features such as headache, photophobia, phonophobia or visual aura during episodes of vertigo (Lempert et al., 2012) . If untreated, the symptomatic period for BPV may be weeks to months, while untreated VM lasts hours to days (von Brevern et al., 2004) .
Vestibular paroxysmia
Vestibular paroxysmia is characterised by recurrent, brief attacks of vertigo lasting seconds to minutes. While these attacks can be triggered by changes in head position, they are more typically spontaneous . The positional triggers are generally distinct from BPV . Unlike BPV due to canalithiasis, a crescendo-decrescendo pattern of nystagmus is not seen (Brandt et al., 2016) . Hyperacusis or unilateral tinnitus may be present during the attack and audio-vestibular tests may show unilateral hypofunction in between attacks (Hüfner et al., 2008) . The condition is attributed to vascular compression of the vestibular nerve and is responsive to anticonvulsants such as carbamazepine (Brandt and Dieterich, 1994 ).
Vestibular schwannoma
Positional horizontal apogeotropic nystagmus has been described in cases of vestibular schwannoma and attributed to head movement causing further pressure on the vestibular nerve (Hong et al., 2008; Taylor et al., 2013) . In a patient with atypical positional nystagmus, unilateral deficits on audio-vestibular function tests should trigger a search for a cerebellopontine angle lesion.
Central positional nystagmus
Rarely, positional vertigo and nystagmus may be due to lesions affecting the brainstem and cerebellum. Specifically, lesions of the cerebellar vermis, cerebellopontine angle, nodulus, superior cerebellar peduncle, medulla and fourth ventricle have been reported in patients with central positional nystagmus (CPN) (Macdonald et al., 2017) . These lesions are thought to act by impairing transduction or central processing of graviceptive signals (Choi et al., 2018; Kim et al., 2012) . The underlying pathologies can include ischemia, haemorrhage, space-occupying lesions and demyelinating disease (Cho et al., 2017) . Generally other oculomotor abnormalities, neurological signs and symptoms will alert the clinician to the need for imaging, however occasionally positional vertigo and nystagmus are the only presenting symptom.
Typically, CPN has little or no latency. It can be persistent, making it difficult to separate from cupulolithiasis, or paroxysmal similar to canalithiasis (Macdonald et al., 2017) . Persistent downbeat nystagmus is typically of central origin (Fig. 8) . Paroxysmal downbeat nystagmus with and without a torsional component has been reported during straight head-hanging and Dix-Hallpike manoeuvres in central lesions including tumours, infarction and haemorrhage of the inferior cerebellar vermis, multiple system atrophy, CANVAS and antiepileptic drug intoxication . crescendo-decrescendo slow phase velocity profile of BPV, central paroxysmal positional nystagmus tends to peak at the onset and decrease exponentially over time.
Persistent horizontal apogeotropic nystagmus during supine roll testing has been reported in patients with cerebellar tumours (particularly in the region of the fourth ventricle and nodule), anterior inferior cerebellar artery (AICA) and posterior inferior cerebellar artery (PICA) territory infarct, nodular infarct and medullary infarct (Cho et al., 2017; Kim et al., 2012; Lee et al., 2014) . These patients presented similar to lateral cupulolithiasis but were not responsive to repositioning. In a study comparing horizontal apogeotropic CPN to horizontal apogeotropic nystagmus in BPV, it Fig. 7 . Horizontal eye position and slow phase velocity (SPV) during right and left roll tests in a subject with vestibular migraine. In the upright position, this subject had leftbeating nystagmus. Right and left roll tests showed direction-changing horizontal nystagmus. With the right ear down, the nystagmus was right-beating. With the left ear down, the nystagmus was left-beating. The nystagmus was low velocity, persistent and did not have a crescendo-decrescendo slow phase velocity (SPV) profile, unlike lateral canalithiasis. was found that the modulation of nystagmus between sitting and supine positions may be a useful point of differentiation. Nystagmus intensity in sitting and supine positions was similar for patients with CPN but greater when supine compared to sitting for patients with LC-BPV (Choi et al., 2018) . Horizontal geotropic nystagmus upon supine roll testing has also been reported in patients with a cerebellar peduncle tumour and lateral medullary infarct (Lee et al., 2014) . Several discriminators of BPV from CPN have been proposed. Pure torsional or pure vertical positional nystagmus are considered red flags for a central cause (Büttner et al., 1999) . Although AC-BPV may appear as downbeat nystagmus without a visible torsional component, its rarity should lower the threshold for seeking a central cause. If the nystagmus is not in the direction expected for the stimulated canal plane, CPN is more likely (Büttner et al., 1999) . Lack of fatigability with repeat positioning and non-reversal of nystagmus when changing from supine to sitting for BPV of the vertical canals, or from lying on either side for LC-BPV, should raise the possibility of an alternative diagnosis. Newly developed headaches and mismatch between the severity of vertigo and intensity of nystagmus should also raise the possibility of a central cause (Lee et al., 2014) . Failure to respond to multiple repositioning manoeuvres should prompt investigation for a central origin. Horizontal apogeotropic and downbeat positional nystagmus are observed in less common BPV variants but often observed in central mimics, therefore merit particular attention (Nuti et al., 2016) .
Conclusion
BPV is a frequently encountered cause of episodic vertigo in the neurology clinic and in primary care settings. In most cases, a diagnosis of BPV can be reached confidently with a typical history and careful examination of nystagmus during positional testing. Alternative diagnoses or comorbid conditions should always be considered when nystagmus patterns deviate from those of the most common BPV variants or persist after appropriate repositioning.
